This paper estimates the market power in the Czech banking sector during the period 2000 2010. In order to measure the degree of market power in the Czech banking sector, the authors used the Lerner index, the Herfindahl-Hirschman index and the concentration ratio. The Lerner index is applied to data from 15 banks, which covers about 90% of the Czech banking market. The paper describes the theoretical framework of the competition, especially the Lerner index and measures of concentration. Authors also compute separate Lerner index for the Czech credit market and the Czech deposit market. The estimations of the Lerner index do not confirm either monopoly or perfect competition structure in the Czech banking sector over the period analyzed. The competition decreased in the period 2000-2005 which was affected by the decrease in the price of funds and capital. However, the competition increased in the period 2005-2010, and it was influenced by the increase in the price of funds and capital. From the value obtained from the Lerner index, it was found that the lowest competition was in the deposit market.
INTRODUCTION
Market power, depicted by the Lerner Index, is measured as a relative mark-up of price over marginal cost divided by price (Lerner, 1934) . Coccorese (2009) argues that the Lerner index is a true reflection of the banks' degree of market power because it represents the behavioural departure from monopoly and perfect competition. Market power is especially prevalent in industries dominated by a few large firms, which serve as market leaders through collusive conduct. Measuring the degree of competition has always been a problem in economics. Previous literature has shown that there have been a number of ways of observing and measuring bank competition. It is generally accepted that these methods can be categorised as structural and non-structural approaches. Several empirical studies examined the competition in the Czech banking market. Pruteanu Podpiera et al. Staikouras and Koutsomanoli Fillipaki (200) indicated the monopolistic competition in period 1998 -2002 . Bikker et al. (2007 , Bikker and Spierdijk (2008) and Bikker et al. (2009) were identifying the monopolistic competition during the period 1986-2004.
MeThODOlOgy aND DaTa
We used the dataset of 15 Czech banks, which covered about 90 % of the Czech banking sector. Due to entry and mergers, the sample is an unbalanced panel of 150 observations of nonconsolidated banking firms. The bank-level financial data are obtained from the annual reports of individual banks and the BankScope database. In the paper we apply the Lerner index for testing the market power in the Czech banking industry during the period 2000-2010. For the analysis, we compute the Lerner indexe for the Czech banking sector. We compute the Lerner index to get an individual measure of competition for each year of our time sample. The Lerner index is used to measure the evolution of market power. In addition to these more accurate measures of market power, we also examine standard concentration variable Herfindahl-Hirschman index (HHI).
Herfindahl-Hirschman index
The Herfindahl-Hirschman index is the most widely treated summary measure of concentration in the theoretical literature and often serves as a benchmark for the evaluation of other concentration indices. Bikker and Haaf (2000) defined HHI as the sum of the squares of the bank sizes measured as market shares. Often called the full-information index because it captures features of the entire distribution of bank sizes, it takes the form:
where n is the number of banks in the banking sector, q k is the volume of the output of bank k, k = 1, 2,…, n, Q is the volume of the output of the banking sector, r k is the share of the output of the bank k to the output of the banking sector.
The HHI stresses the importance of larger banks by assigning them a greater weight than smaller banks, and it incorporates each bank individually, so that arbitrary cut-offs and insensitivity to the share distribution are avoided. The HHI index ranges between 1/n and 1, reaching its lowest value, the reciprocal of the number of banks, when all banks in a market are of equal size, and reaching unity in the case of monopoly (in a market with only one bank). Sometimes the value of HHI is multiplied by 10000 and then HHI indices in the range below 1000 show a very low concentration, in the range 1000-1800 show a moderate concentration, in the range above 1800 show a very high concentration of the banking system, whereas the index value equal to 10000 shows a full concentration (monopoly).
Concentration ratio
The concentration ratio (CR) shows the degree to which an industry is dominated by a small number of large firms or made up of many small banks. Simplicity and limited data requirements make CR one of the most frequently used measures of concentration in the empirical literature. Summing over the market shares of the k largest banks in the market, it takes the form:
CR gives equal emphasis to the k leading banks, but neglecting the many small banks in the market. There is no rule for the determination of the value of k, so the number of banks included in the concentration index is a rather an arbitrary decision. The concentration ratio may be considered as one point on the concentration curve, and it is a one-dimensional measure ranging between zero and unity. The index approaches zero for an infinite number of equally sized banks and it equals unity if the banks included in the calculation of the concentration ratio make up the entire industry.
Lerner index
Market power (or firms' ability to price above marginal cost) is a powerful concept in economics because, among other things, it illustrates how and whether imperfectly competitive markets depart from the perfect competition benchmark; as such, this concept arises in many economic courses, especially those with a microeconomics focus (Rojas, 2010) . Casu and Girardone (2009) claim that the Lerner index of monopoly power is an indicator of the degree of market power and it is a well established measure of competition in the banking literature. It represents the extent to which market power allows firms to fix a price below marginal cost (MC). Demirguc-Kunt and Peria (2010) show an alternative way to examine competition in banking is to compute direct measures of market power, since greater market power implies less competition. A frequently used measure of market power in banking is the Lerner index, defined as the difference between output prices and marginal costs (relative to prices). The Lerner Index is a direct measure of competition because it focuses on the pricing power apparent in the difference between price and marginal cost thereby capturing the degree to which a firm can increase its marginal price beyond marginal cost (Berger et al., 2009 ).
Theoretically, a key determinant of market power is demand elasticity; a popular measure of such relationship is the Lerner index (Lerner, 1934) . A number located in the unit interval that is usually depicted as having an inverse relationship with (the absolute value of) demand
Journal of Competitiveness 1 price elasticity. The Lerner index is appealing because it shows where a firm's market power is located between perfect competition and maximal market power, and the role that demand elasticity plays in determining a firm's mark-up (Rojas, 2010) . Fernandez de Guevara (2005) show the interpretation of the Lerner index as market power is often made too mechanically, as it is necessary to take into account several problems that are posed in the empirical estimation when valuing its significance. Firstly, the value of the Lerner index is influenced by the criteria followed when more or fewer concepts are included in the calculation of revenue and costs. Thus it is not infrequent to consider only financial revenue and costs and to omit other revenue and trading costs (so that the margin varies and the value of the index changes). When only the traditional intermediation activity of loans-deposits is considered, the model does not consider the banking activity of providing services. The substantial growth in this type of activity in recent years has led to a change in the revenue structure of banking firms; the relative importance of net financial revenue has decreased, and revenue from items other than interest (mainly commissions) has increased. Secondly, it is general practice not to consider the cost of risk, even though its effect on the profit and loss account of banking systems is on average very important. There are various reasons for the continuance of these practices: the lack of sufficient data, the difficulties of calculation, and in the case of the cost of risk, the problem of its posting in time, as banking risk often appears only at a certain moment of the life of the investments made. It is important to point out that, although the cost of risk is not included in the estimation of the cost function, this problem is present in two ways: 1) if the cost of risk is not taken into account, the interpretation of the Lerner index as market power may be wrong because it overestimates the margin; and 2) if the cost of risk is only computed when the corresponding provisions are made, its time profile will be skewed, as it can be said that these are costs that were latent in other periods but whose recognition has been delayed. In this last case, the Lerner index is likely to increase in an expanding phase of the cycle (in which there are few problems of bad debt and insolvency) and decrease in a low phase of the cycle (in which bad debt and provisions increase) without affecting market power. Thirdly, the empirical estimation of separate prices or rates for loans and deposits is not without problems. Thus, in the case of loans the profit and loss account does not give separately the financial income associated with them, as it appears jointly with other financial products (fixed income investments, for example). In the case of deposits, the financial costs are included with those of other liability products (Fernandez de Guevara, 2005) . The Lerner index is a more accurate measure of market power than the standard concentration measures. Berger et al. (2009) claim that the Lerner index is averaged over time for each bank i for inclusion in the regression model. It should be noted that the constructed Lerner index does not capture risk premia in the prices of banks' product and services, breaking down its positive association with the size of monopoly rents. However, it is the only measure of competition that is computed at the bank level. Demirguc-Kunt and Peria (2010) show the advantage of the Lerner index, opposite (against) the Panzar-Rosse (1987) H statistic, is that it is not a long-run equilibrium measure of competition. Also, because of this, the Lerner index can be calculated at each point in time.
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In practice, an important weakness of the Lerner index approach is that available bank balance-sheet data do not correspond to the prices and costs required to calculate the index, so that many debatable choices are needed to proxy prices and costs (Bikker et al., 2007) . The index is defined as the difference between price and marginal cost, divided by price. It is a level indicator of the proportion by which price exceeds marginal cost, and is calculated as:
( 3) where P it is the price of banking outputs for bank i at time t, MC it is the marginal costs for bank i at time t. The resulting LI it is averaged over the period under study for each bank i. Pit is the price of total assets proxied by the ratio of total revenues (interest and noninterest income) to total assets for bank i at time t. MC it is derived from the translog cost function Eq. (4). (2010) or Fungáčová et al. (2010) , who proxy banking production by total assets, P is calculated as ratio of total bank revenues to total assets. MC is estimated on the basis of a translog cost function with one output (total assets) and three input prices (price of labor, price of physical capital, and price of borrowed funds). Symmetry and linear homogeneity restrictions in input prices are imposed. The cost function is specified as follows: (4) where TC denotes total costs, y total assets, w jk (w 1 , w 2 and w 3 ) indicate three input prices (i.e. labor, capital and funds). W 1 indicate the price of labor, which is the ratio of personnel expenses to total assets, w 2 is the price of physical capital, which is the ratio of other non-interest expenses to fixed assets and w 3 is the price of borrowed funds, which is the ratio of interest expenses to total funds. Total cost is the sum of personnel expenses, other non-interest expenses and interest expenses. The indices for each bank have been excluded from the equation for the sake of simplicity. The estimated coefficients of the cost function are then used for computing the marginal cost. Indeed, as marginal cost is the derivative of total cost to output, it can be derived that the derivative of the logarithm of total cost to logarithm of output is the ratio of marginal cost to total cost multiplied by output. As a consequence, marginal cost is equal to the product of the derivative of the logarithm of total cost to output multiplied by the ratio of total cost to output. The derivative of the logarithm of the total cost with respect to the logarithm of output is computed using the cost function specified in Eq. (4). The marginal cost is based on the estimation of the cost function. We estimate a translog cost function with one output and three input prices.
The estimated coefficients of the cost function are then used to compute the marginal cost (MC):
Once marginal cost is estimated and price of output computed, we can calculate Lerner index for each bank and obtain a direct measure of bank competition. It should be noted that the constructed Lerner index does not capture risk premia in the prices of banks' product and services, breaking down its positive association with the size of monopoly rents. However, it is the only measure of competition that is computed at the bank level (Berger et al., 2009 ). The Lerner index ranges between zero and one. When P = MC, the Lerner index is zero and the firm has no pricing power. A Lerner index closer to one indicates the higher mark-up of price over marginal costs and hence market power for the firm (Ariss, 2010) . In general, LI = 0 it indicates perfect competition, while LI = 1 indicates monopoly. The Lerner index is an inverse measure of competition, i.e., a greater Lerner index means lower competition (Pruteanu-Podpiera et al., 2007) .
esTIMaTION OUTpUT aND DIsCUssION
For the analysis, we calculate the Lerner index for the Czech banking sector. We also compute the Lerner index for the Czech credit market as well as for the deposit market. In addition to these more accurate measures of the market power, we also examine standard concentration variable the Herfindahl-Hirschman index (HHI). First, descriptive statistics of individual variables are presented in Table 1 . 
Herfindahl-Hirschman index
First, the Herfindahl-Hirschman index (HHI) is computed and the values of the HHI are presents in Table 3 . The HHI is more traditional measures of the degree of market power. Similar to the Lerner index and essentially to all measures of market power commonly used in the literature, the HHI index are also based on a single-product assumption.
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Fig. 1 -Herfindahl-Hirschman index. Source: Author's calculation
In general, the values of HHI show a trend of modest decrease, meaning that market concentration changed appreciably over the sample period (Fig. 1) . In 2010, the degree of concentration of the banking sector, as measured by the Herfindahl-Hirschman index, increased to 0.104, while client deposits and client loans showed the opposite trend. The Czech banking market could be described as a moderately concentrated market over the period of 2000-2010.
The highest concentration is found in the deposit market, on the other side, the lowest concentration were in the credit market.
Concentration ratio
We use the three largest bank concentration ratio (CR3) which calculated the market concentration of the whole banking sector and also we calculated concentration in credit market and deposit market separately. CR3 of whole banking sector are defined as the ratio of the total assets of the three largest banks to the total assets of all the banks in a given year. Concentration of the credit market is measures as the ratio of the total loans of the three largest banks to total loans. And concentration of the deposit market is calculated as the ratio of the deposits of the three largest banks to total deposits. The values of the CR3 of the total assets, the credit market and the deposit market show a trend of modest decrease (Fig. 2) . It indicates that the concentration of the Czech banking sector was decreasing over the analysed period. The Czech banking sector could be described as a moderately concentrated market over the period of 2000-2010.
Lerner index
First, we estimate Eq. (4) and Eq. (5), and then we can calculate the Lerner index as in Eq. (3). The cost function is estimated for each year so as to allow the coefficients of the cost function to evolve over time. The cost function is estimated introducing fixed effects for banks. The results for each year are presented in Table 2 . We compute mean and median of the Lerner index. Pruteanu-Podpiera et al. (2007) Pruteanu-Podpiera et al. (2007) that found the evolution became more regular with a clear increase from 2002 to 2005. They pointed out that the entry of foreign investors in the Czech banking industry, which considerably increased from 1999 with the launching of the privatization of major banks, does not seem to favor a strong increase in banking competition. It led to an increase in competition until 2002, but then the results show a drastic decrease in competition. They argued that as this entry meant a strong change in the ownership of banks. However, they stressed that the empirical literature on banking sectors 11 in developed economies concludes in favor of imperfect competition. Therefore, the strong foreign ownership in Czech banks may have favored a process of convergence of banking performance towards the normal functioning of a market economy, even if a strong level of banking competition is not observed. Table 4 presents the estimation of the market power in the deposit market. The evolution of estimation of the Lerner index in the deposit market is almost constant during the estimated period. During the period 2006-2009 the Lerner index computed for the deposit market slightly decrease, signalling a slight increase in competition. This episode was followed by an increase in the Lerner index; hence a slight decrease in competition in 2010. 
Discussion
The results confirm the argument, that the increases in the HHI generally indicate a loss of pricing power and a decrease in competition, whereas decreases imply the opposite (Chan et al., 2007) . HHI was continuously decreasing from 2001 to 2010 and it was found the increasing banking competition in the Czech banking sector. Thus, we can say that the concentration and the market power were decreasing and the banking competition was slightly increasing in the Czech banking sector. The mean of the Lerner index computed for the full sample is 39.54 %, which do not confirm either monopoly or perfect competition. This result is confirmed by e.g. Bikker et al. (2007) , Bikker and Spierdijk (2008) and Bikker et al. (2009) have favored a process of convergence of banking performance towards the normal functioning of a market economy, even if a strong level of banking competition is not observed.
CONClUsION
The aim of this paper was to estimate the market power in the Czech banking industry during the period 2000-2010. First, we applied the Herfindahl-Hirschman index and the concentration ratio. The values of the Herfindahl-Hirschman index and concentration ratio show a trend of modest decrease, meaning that market concentration changed appreciably over the sample period. The Czech banking market could be described as a moderately concentrated market over the period of 2000-2010. Next, we used the Lerner index applied on data from the Czech banks covered about 90 % of the banking sector. We came to conclusion that the Lerner index computed for the full sample is 37.04 %, which do not confirm either monopoly or perfect competition. In addition, we can identify two sub-periods of divergent development of market competition. Whereas the competition decreased during 2000-2005 it increased during the period 2005-2009. More concretely, mean of the Lerner index for total assets for the first periods is 37.61 % and for the second period is 39.73 %. The value of the Lerner index compute for the Czech credit market was 53.59 % in the period 2000-2010 and the value of the Lerner index compute for the deposit market was 5.3 % for the full sample period. Thus, we can conclude that the Czech banking sector as well as the credit and deposit markets operates between two extremes monopoly and the perfect competition and the lowest competition was estimated in the Czech deposit market. To further research we recommend to apply the Panzar-Rosse model or Bresnahan model to estimate the level of the competition in the Czech banking sector. Those models enable more accurately to estimate the degree of the competition in banking industry.
